I ncreasingly, occupational health nurses are expected to have the basic competencies in environmental health to deal with situations such as those above. This article is the first of a two part series about essentials of environmental health for occupational and environmental health nurses. The series presents practicing nurses with important information for addres sing environmental health issues. Part I provides an overview of environmental health hazards in the home, workplace, and community. Topics of discussion include pathways, routes of exposure, classes of environmental hazards, and populations made vulnerable by personal characteristics that may affect human response to environmental conditions. Part II (April 2(01) continues the discussion of the scope and nature of environmental health hazards with water and pesticides. Discussion focuses on tools for taking effective exposure histories, priority nursing research areas in environmental health, and the role of occupational and environmental health nurses in promoting environmental health.
BACKGROUND
The environment is one of the primary determinants of the health status of individuals and communities. There is increased awarenes s of the need for the preservation of environmental resources in addition to concern about the adverse effects of the degradation of home, community, and global environments on human health .
Environmental hazards are ubiquitous and, for the most part, not well understood. Since the mid 1970s, 70,000 chemicals have been produced annually in the United States (U.S. Environmental Protection Agency (EPA), 2oooa). More than 15,000 high volume production (production of more than 10,000 lbs. per year) man made chemicals are in use and hundreds more are introduced each year. More than half of them have never been tested for human toxicity (Landrigan, 1998 ... adequate data should be developed with respe ct to the effect of chemical substances and mixtures on health and the environment and development of such data be the responsibility of those who manufacture and those who proce ss such chem icals and mixture s. .. (Toxic Substance Control Act, 1976). However, this act never vested the EPA with efficient or effective tools to require the chemical testing. Of the 3,000 chemicals the United States imports or produces at more than 1,00,000 lbs. per year, the most recent available EPA data indicate 43% have no testing data related to basic toxicity and only 7% have a full set of basic data (EPA, 20ooa) . These data are not likely to be available in the near future, as the U.S. National Toxicology Program has only limited capacity to test toxic chemicals (Goldman, 1998) . In addition, the EPA estimates it would cost the chemical industry approximately $427 million to fill the basic screening data gaps for the high production volume chemicals alone (EPA, 20ooa) .
Scientists know little about the synergistic effect of simultaneous exposure to multiple chemicals on human health, the way in which most people encounter these chemicals. For example, estrogenic chemicals in combination have been shown to be 1,600 times more potent than when each was used alone (Mitchell, 1997) .
It is widely acknowledged that many acute and chronic health problems have their roots in the environment (Nadakavukaren, 2000) . Health issues relevant to the environment include lead poisoning, pesticides in food and water, ozone depletion , toxic waste disposal, and indoor and outdoor air quality. In fact, environmental degradation may represent the ultimate threat to human health . The range of environmental conditions, which may adversely impact human health, is illustrated by the following :
• Approximately 113 million people live in areas of the United States designated as "non-attainment areas" by the EPA for one or more of the six commonly found air pollutants for which the federal government has established health based standards (U.S. Department of Health and Human Services (DHHS), 2000). A non-attainment area is any area that does not meet, or that contributes to, ambient air quality in a nearby area that does not meet the national primary or secondary ambient air quality standard for the pollutant.
• Approximately 17.3 million Americans have asthma, often triggered by or exacerbated by indoor and outdoor air pollution, a 75% increase from 1980 to 1994 (Institute of Medicine (10M), 2000). It is estimated that up to 26% of asthma is work related with more than 250 agents contributing to the occurrence of work related asthma (Centers for Disease Control (CDC), 1998).
• As of November 1999,41 states have issued 2,073 fish advisories for mercury, a potent bioaccumulative neurotoxin. These advisories inform the public that concentrations of mercury have been found in local fish at levels of public health concern necessitating limiting or avoiding consumption of certain fish. Ten states have issued statewide advisories for mercury in their freshwater lakes and rivers (EPA, 20oob).
• The production of polychlorinated biphenyls (PCBs) has been banned in the United States since 1977. Much of what was produced is still in the environment. Numerous studies throughout the world have demonstrated detectable levels of PCBs in human tissue and breast milk. The most common source of human exposure is in food. Prenatal exposure to PCBs has been associated with motor delays and cognitive development (Etzel, 1999) .
• 1,200 National Priorities List (NPL) sites are located in the United States. Also known as Superfund sites, these are hazardous waste sites posing a significant risk to human health (DHHS, 2000) . Approximately 3 to 4 million children live within 1 mile of these sites (Agency for Toxic Substances and Disease Registry [ATSDR], 1999a; Landrigan, 1999) .
Individuals and communities increasingly rely on health care professionals for information and counsel on the identification and reduction of health risks associated with exposure to environmental hazards. Environmental issues affect every individual and population . However, most nurses are unprepared to recognize and respond to environmental health problems in their practice (Chalupka, 1998; Pope, 1995; Rogers, 1991; Snyder, 1994) .
HISTORICAL CONTEXT
The environment has been a central concept in professional nursing since its inception . Florence Nightingale viewed environmental hazards as a fundamental cause of suffering and disease. Her nursing interventions focused on modifying the environment as a primary means of promoting health. Nightingale wrote "the very first cannon of nursing was to keep the air as pure as possible." She identified:
.......five essent ial points in securing the health of houses: pure air, pure water, efficient drainage, cleanliness, and light... And it will be unhealthy just in proportion as they are deficient " (Nightingale, 1969). In her school for nurses, she instructed students about their responsibility to make certain their patients always had clean air to breathe and safe water to drink. Through the early years of the nursing profession, most nurses practiced in homes, schools, and workplaces where the impact of the environment was difficult to ignore. As nursing practice moved into the hospital setting, the emphasis on the environment in nursing care diminished. However, the environment has remained a constant component of occupational health nursing.
As the multiple aspects of the environment, which directly or indirectly affect health status, become more complex, the lack of formal training in environmental health becomes a barrier to nursing's contribution to health protection, health promotion, and disease prevention. Today, nurses in every specialty and practice setting witness the effect of the environment on the health of clients. Environmental health hazards are ubiquitous, insidious, and, for the most part, poorly understood.
An estimated 2,696,540 registered nurses (RN) are licensed to practice in the United States. This is the largest single group of health care providers (DHHS, 200 1). Frequently, nurses are the only health care professionals who can directly observe potential environmental health hazards at the client 's place of work, in the home, and in the community.
In the past decade, there have been calls for the addition or enhancement of environmental health content in nursing education and practice. Registered nurses have been called to become more familiar with the environmental hazards that place their clients at risk for disease, disability, dysfunction, and death (DHHS, 1990; O'Neil , 1998; Pender, 1992; Pope, 1995; Rogers, 1994) . Nurses are important health care advocates and educators for individuals, families, and communities in the home, school, and workplace.
NURSING CHALLENGES
The increasing importance of environmental health presents important challenges and opportunities for occup ational and environmental health nurses. They are positioned to assume leadership roles to enhance the health of individuals and commun ities. Occupational and environmental health nurse s must have knowledge and competencies in environmental health because many environmental hazards originate in the workplace . Workers are also a part of a larger community environment. Finally, occupational and environmental health nurses with expertise in the identification of hazardous MARCH 2001, VOL. 49 
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chemical and physical exposures, as well as preventive strategies, are a critic al resource to their colleagues in the larger community and global environment (Lipscomb, 1994; Rogers, 1998) . The complex etiology, prevention , and treatment of health problem s of environmental etiolog y require a sound theoretical knowledge base. The American Association of Occupational Health Nurses has identified key competencies for occupational and environmental health nurses in environmental health (see Sidebar). For purposes of this article, environmental health refers to the human health effects associated with chemical, biological, and physical agents in the air, water, soil, and food, which may be present in the home, school, community, and workplace environments (Chalupka, 1998) . This article focuses on potential adverse outcomes associated with exposure to environmental hazards rather than broader ecological issues (e.g., sustainability that may be among the most important prevention strategies).
Environmental hazards may be manmade (e.g., PCBs, pesticides, auto emissions) or naturally occurring (e.g., arsenical contamination of drinking water resulting from regional geologic formation). Researchers have documented human health effects of environmental hazards found in the workplace, home, community, and global environment. In 1979, the Surgeon General's Report on Healthy People stated that 20% of deaths in the United States were attributable to pollution and toxic chemicals in the environment. In fact, there is no major chronic disease to which environmental factors do not contribute either directly or indirectly (DHHS, 1979) . More recently, researchers have identified additional health conditions not previously linked to environmental exposures (e.g., maternal exposures to volatile organic chemical [VOC] contaminated drinking water with increased risk of neural tube defects, oral cleft defects, and major cardiac malformations) (Bove, 1995 (Bove, , 1996 Lybarger, 1998; Vrijheid, 2000a Vrijheid, , 2000b .
Understanding adverse effects of the environment on human health depends on epidemiology, the basic science of prevention and public health. Epidemiology is the study of the distribution and determinants of health and disease in a population (Swanson, 1997) . Epidemiological research is critical in identifying preventable risk factors for environmentally related diseases, and is key to successful research based practice in occupational and environmental health nursing. However, there are important limitations in environmental epidemiology:
• Environmental exposures are often poorly defined and measured. Measures of individual exposure to contaminants may be crude or unavailable.
• Limited understanding of mixed or simultaneous exposure to multiple chemicals (the usual way humans are exposed).
• The small number of exposed individuals (e.g., people in a neighborhood) limits the usefulness of epidemiologic study designs relying on large study populations.
• Substantial variability in susceptibility exists among population groups due to genetic predisposition, age, or health status, thus limiting understanding of health effects among vulnerable populations.
• The long latency period between the initial exposure and the onset of disease makes it particularly difficult to study health outcomes (Cummins, 1999) .
Quantifying the burden of morbidity and mortality related to environmental exposure is further complicated by poor compliance with reporting requirements for occupational illnesses, the complete absence of a national reporting system for illnesses of environmental etiology, and, perhaps most importantly, the inability of most health care providers to correctly recognize the environmental etiologies of disease (Chalupka, 1998; Pope, 1995) . Environmental epidemiology presents important challenges and opportunities for occupational and environmental health nurses. Occupational and environmental health nurses must be informed consumers of research able to critically evaluate its quality and relevance to their clients. Further, they have the opportunity to make an important contribution to environmental health by participating in interdisciplinary research efforts.
EXPOSURE PATHWAYS
The process by which an individual or a community is exposed to environmental hazards is an exposure pathway. The five parameters of exposure pathways are (see Figure) :
• Source of Contamination. Source of contaminant released into the environment or the environmental media responsible for causing contamination at point of exposure if original source of contamination is unknown (ATSDR, 1993). Contaminants can be manmade (e.g., nitrogen fertilizer) or naturally occurring (e.g., nitrogen from animal waste or human waste treated in substandard septic systems). The most common cause of methemoglobinemia in children is ingestion of water contaminated with nitrates from agricultural fertilizer, septic system leachate, and livestock runoff.
• Environmental media and transport mechanism. Environmental media include waste materials, groundwater surface, surface water, air, surface soil, subsurface soil, sediment, and biota. Transport mechanisms move contaminants from the source to points where human exposure can occur (ATSDR, 1993) . For example, nitrogen fertilizer, widely used in United States agriculture, has caused diffuse contamination of ground and surface water. Intensive livestock operations, substandard human septic systems, and municipal waste streams each contribute to nitrate contamination of groundwater by attaching to soil particles and traveling through water to permit human exposure.
• Point of exposure. A location of potential or actual human contact with a contaminated medium (e.g., residence, business, residential yard, playground, campground, waterway or waterbody, contaminated spring or hand drawn well, food services) (ATSDR, 1993).
• Route of exposure. Means by which the contaminant actually enters or contacts the body (ATSDR, 1993), such as percutaneous (dermal) absorption (e.g., ultraviolet B radiation from the sun or direct skin contact with volatile organic chemicals); inhalation (e.g., ambient air pollution containing lead dust or hydrogen sulfide fumes); ingestion/gastrointestinal tract (e.g., food contaminated with pesticide or chemical residue); or transplacental (e.g., carbon monoxide crossing the placenta has a slightly higher affinity for fetal hemoglobin than adult hemoglobin). When it crosses the placenta, the concentration of carboxyhemoglobin is higher in the fetus than in the pregnant woman .
• Receptor population . Persons exposed or potentially exposed to the contaminant of concern at a point of exposure (ATSDR, 1993).
DISTRIBUTION OF TOXIC AGENTS IN THE ENVIRONMENT
Whether or not toxic agents pose a threat to human health depends on their distribution in the environment. Chemical and physical properties influence the movement of substances through the environment. These include ionization potential; solubility in water, lipids, and nonaqueous solvents; and susceptibility to decomposition in light (photolysis). These properties may either increase or decrease toxicity and reactivity of potential environmental hazards. For example, metals forming ionic compounds are adsorbed on particles of clay in soil and are prevented from entering the groundwater. Conversely, an organic solvent such as trichloroethylene can easily move through the same clay and become a water contaminant.
Physical properties including particle size, density, and vapor pressure also can influence distribution of toxic agents in the environment. Uranium dust, resulting from processing uranium oxides, when released into the atmosphere, is capable of traveling great distances, whereas larger particles fall much closer to the ventilation stacks. The location of a toxic agent within the larger ecosystem MARCH 2001, VOL. 49, NO.3 also influences the potential risk to human health. Many industries release the same compound into the water, soil, and air. However, human exposure may vary according to medium. For example, lead released from a smelter vaporizes into the air and can be inhaled. Particulate matter released into the air can settle on soil or plants to be ingested by humans or resuspended by motion (e.g., vehicular traffic or construction activities) and inhaled.
Movement of lead from the soil into the surface or groundwater may provide opportunities for human exposure through contaminated water for crop irrigation or drinking. Human exposure through the food chain is possible through the ingestion of contaminated leafy vegetables. Lead in the soil, although not absorbed by plant roots, can contaminate food crops through resuspension in water and deposition on vegetation. Soil also can be directly ingested, particularly by children at play in areas of contamination (Blumenthal, 1995) .
HAZARD CLASSIFICATION
The most common classification of environmental hazards affecting human health includes chemical, biological, physical, mechanical, or psychosocial categories. Table 1 provides examples of exposures in each class and some examples of possible health effects. This article does not address the psychosocial category of environmental health hazards, which may include stress, violence, and crowded living conditions or even living in close proximity to environmental contamination. The psychological and social responses to possible exposure to environmental hazards are similar to those seen in natural disasters. This stress resulting from uncertainty about exposure and subsequent latent health effects may lead to transient disorders or even depression. The chronic stress that can be associated with living near a hazardous waste site may be accompanied by persistent blood pressure elevations, alterations in immune system function, and symptoms of post traumatic stress disorder (ATSDR, 1999b). The Psychological Effects Program is a four phase research study under the auspices of the ATSDR to learn more about psychological and social responses to possible exposure to environmental hazards (Tucker, 2000) (see Table 1 ).
UNIQUE SUSCEPTIBILITY OF VULNERABLE POPULATIONS
Humans vary widely in their susceptibility to potential environmental hazards. Both exogenous and endogenous factors can influence the host susceptibility as well as the magnitude of the toxic response. The human response to environmental conditions varies with a variety of personal characteristics including age, weight, gender, nutritional status, physiological status, preexist- Arguably the most important, but least obvious to clinicians, is age. Individuals at either end of the life cycle (either children or older adults) are particularly vulnerable to environmental hazards.
Children's immature organ systems are particularl y sensitive to environmental hazards. Before birth, children are forming organ systems that need to last throughout their lives. Exposure to environmental toxicants at this time produces the greatest effects, including organ malformation and premature death (ATSDR, 1999a). After birth, developing respiratory, immune, and nervous systems may be permanently damaged by exposure to environmental toxicants (Bearer, 1995; Vrijheid, 2000b) . Children have a heightened biological sensitivity to environmental hazards because of differences in physiological and metabolic processes. Their absorption rate of toxic materials via skin, respiratory, and gastrointestinal systems is greater than that of adults. Unable to metabolize, detoxify, and excrete certain toxins as efficiently as adults, they are more vulnerable to adverse health effects.
Behavioral factors, including normal exploratory behaviors (e.g., crawling on the floor, hand to mouth activity) increase the opportunities for children to encounter and ingest environmental toxicants (Children's Environmental Health Network, 1999; Etzel, 1999) . Children also may be exposed to hazardous materials from the workplace by unknown or unwise transfer of workplace materials to the home (Zahm, 1998). Finally, children differ from adults in the exposure to environmental toxicants such as pesticide residues in food, both quantitatively and qualitatively (Landrigan, 1998; National Research Council, 1993) . Per unit of body weight, they breathe more air, drink more water, and consume more food than adults. For example, resting air intake of an infant is double that of an adult. In the first 6 months of life, an infant drinks seven times as much water per pound as an adult, and children ages I through 5 eat three to four times as much food per pound as an adult. The cumulative effect of these factors is that children have substantially greater exposure to toxicants present in air, water, soil, and food (ATSDR, 1999a).
Older adults are similar in many ways to children in their vulnerabilities to environmental hazards because of the normal decline in function of major physiological processes, including the immune, integumentary, cardiac, renal, hepatic, and pulmonary systems. Decrements in the immune system cause reduction of T lymphocytes and cell mediated immunity. In cell mediated immunity, the action of the T lymphocytes and macrophages predominate. The most aggressive phagocyte, the activated macrophage, becomes so only after exposure to T cell lymphokine. It is cell mediated immunity that provides protection against viruses and cancer cells. Alterations in the stratum corneum of the skin may increase percutaneous absorption of chemicals. Declining metabolic clearance of some drugs requiring oxidative mechanisms for biotransformation has been well documented in older adults (McKenry, 2001 ; World Health Organization, 2(00). Diminished blood flow to liver and kidneys, in part as a result of declining cardiac output that accompanies aging, can cause decreased ability to detoxify and eliminate toxicants in the elderly population. Advancing age also causes structural and functional changes in the respiratory system, including loss of elasticity and impaired ciliary action, which can cause more rapid absorption and decreased clearance of foreign substances introduced into the lung. Finally, as a result of the increase in adipose tissue mass and the decline in lean body mass that accompanies aging, water soluble drugs and chemicals have a smaller volume of distribution and greater serum levels. On the other hand, lipid soluble substances have an increased volume of distribution and lower serum levels (Pope, 1995) . These changes may place elderly populations at increased risk for adverse effects of environmental toxicants (World Health Organization, 1993,2(00).
Genetic composition may cause variation in metabolism, detoxification, excretion , and cellular response to toxins. Certain genetic factors may be linked to enhanced susceptibility to environmental toxicants (Shannon, 2000 ; World Health Organization, 2(00). Individuals possessing these genetic factors are more susceptible to the adverse outcomes associated with exposure to certain environmental hazards. For example, people with 6-phosphate dehydrogenase (6GPD) deficiency are at a higher risk for hemolysis after exposure to oxidants such as naphthalene (Frumkin, 2(00) . Other well documented examples include a I-antitrypsin deficiency and respiratory irritants, immunologic hypersensitivity and iso-MARCH 2001, VOL. 49. NO.3 cyanate, and methemoglobin reductase deficiency and nitrates and anilines (Tarcher, 1992) .
Gender may influence susceptibility to some toxins, although the mechanism is not well understood in many cases. However, it is well documented that women have a greater proportion of body fat and therefore are capable of accumulating more lipid soluble toxins than men. According to data from the National Exposure Registry of the ATSDR, women exposed to benzene, trichloroethylene (TCE), trichloroethane (TCA), and dioxin reported significantly more anemia and other blood disorders, skin rashes, and strokes compared to national norms (ATSDR, 1998). Conversely, in a population based case control study to evaluate the risk posed by tap water chlorination byproducts, smoking, and exposure to chlorinated surface water mutually enhanced the risk of bladder cancer in men only (Cantor,1998) .
Physiologic status (e.g., pregnancy) and preexisting disease states also can increase susceptibility to toxins. A wide variety of environmental toxicants is linked to adverse outcomes of pregnancy including methyl mercury poisoning (i.e., Minamata disease) which causes mental retardation and neurological damage (Myers, 1998) . Other known human teratogens include ionizing radiation, which causes central nervous system disorders and microcephaly, and tobacco smoke, which causes low birth weight, miscarriage, and stillbirth (Nadakavukaren, 2000). Several preexisting disease states can increase individual susceptibility and the magnitude of toxic responses. Examples include chronic respiratory disease, which can be exacerbated by exposure to nitrogen dioxide (NO z)' ozone (03) and sulfur dioxide (SOz) in air pollution, and infection with human immunodeficiency virus, which greatly increases susceptibility to cryptosporidia in drinking water.
Concomitant or previous exposures such as smoking may increase an individual's vulnerability to toxicants such as asbestos or radon . In early studies, Selikoff (1968) presented the classic example of the relation between asbestos exposure and cigarette smoking. The relative risk of dying from lung cancer was increased by five times after asbestos exposure alone, 10 times after smoking alone, and approximately 80 times after exposure to both substances. Similarly, the risk of lung cancer from radon exposure is estimated to be 10 to 20 times greater for persons who smoke cigarettes in comparison to those who have never smoked (ATSDR, 2000) . Individuals who live in poverty are vulnerable because of the potential for multiple exposures, lack of access to health care, and poor diet (Goldman, 2(00 EPA, 1996a; Lipman , 2000; Nadakavukaren, 2000. lead per gram than children who are adequately nourished (Etzel, 1999) . Obes ity and its accompanying increase in proportion of body fat may promote the storage of lipid soluble toxins (Salazar, 1997) .
To the extent possible, the occupational and environmental health nurse should identify individuals and groups at potentially greater risk, so appropriate primary and secondary prevention measure can be instituted. Examples of these preventive activities might include workplace smoking cessation programs in areas of high radon activity or commun ity education programs to teach about safe use of pesticides and household chemical s in households with children .
SCOPE AND NATURE OF ENVIRONMENTAL HAZARDS Air
We have long been aware of the potential adverse effects of air pollution on human health. Health problems caused by air pollution were documented during the Roman Empire. During this period 80,000 to 100,000 metric tons of lead, 15,000 tons of copper, 10,000 tons of zinc, and 2 million tons of mercury were processed annually in industrial operations (Moeller, 1997) . Currently, air pollution is a persistent and widespread threat to human health and the environment in the United States, resulting in premature death, cancer, and long term damage to cardiovascular and respiratory systems. Air contaminants also damage crops and buildings, reduce visibility, and deposit pollutants in water and soil where they can ultimately follow exposure pathways and adversely affect human health (EPA, 1996a; Lipman, 2000; Zanobetti, 2000) . Air pollutants have many sources-natural (e.g., volcanoes), agricultural (e.g., methane, pesticides), commercial (e.g., dry cleaning operations, auto body shops), industrial (e.g., electrical power plants, municipal waste incinerators, manufacturing facilities), transportation (e.g., truck and automobile emissions), and residential (e.g., home gas and oil burners and wood stoves) ( Table 2) .
Although ambient levels of regulated air pollutants have generally dropped since the mid 1970s, air quality in many parts of the United States falls short of health based air quality standards. Approximately 113 million Americans live in EPA designated non-attainment areas for one or more of the six commonly found air pollutants for which the federal government has established health based standards (DHHS, 2000) . Air contaminants have important health effects. The estimated annual health costs of human exposure to all outdoor air pollutants from all sources range from $40 to $50 billion, with an associated 50,000 premature deaths (DHHS, 2000) . Air toxins reach the general population via direct assimilation into the pulmonary system. Air toxins also reach the population insidiously through bioaccumulation and subsequent ingestion of food, including fish and human milk, or through bioconcentration (e.g., a developmental toxicant) (Nadakavukaren, 2000) as toxins are deposited into the air from industrial processes or municipal waste incineration and redeposited on land or water. In the aquatic environment, atmospheric mercury is converted by sediment bacteria into methyl mercury. It is then concentrated in the muscle mass of fish by direct absorption from the water and quickly ascends the food chain by 
Lead (Pb)
Adapted with permission from Nadakavukaren, 2000 . biomagnification. On average, methyl mercury levels in predator fish are approximately 7 million times higher than the concentrations of dissolved methyl mercury found in the surrounding waters (EPA, 1999). These airborne contaminants may cause or promote cancer, birth defects, and other serious consequences, including adverse effects on respiratory, nervous, and immune systems (Dickey, 2000) . Asthma and other respiratory conditions are frequently triggered or exacerbated by airborne contaminants including ozone, environmental tobacco smoke, chemicals, or particulate matter (DHHS, 2000) . The example of asthma is instructive in trying to understand the impact of air pollution on human health . In the United States, self reported asthma prevalence rates have increased 75% from 1980 to 1994 (Institute of Medicine , 2000). More than 17.3 million Americans have asthma, including 5 million children age 18 and younger. Between 1980 and 1993, the overall death rate for asthma increased 52%. The estimated total cost of asthma is projected to be $14.5 billion this year (DHHS, 2000) .
In 1970, amendments to the Clean Air Act (CAA) required the U.S. EPA to establish National Ambient Air 
Route of Exposure
Inhalation, ocular absorption
Inhalation of radon gas and aerosol ized radium containing water (e.g., showering, flushing, dishwashing), ingestion of radium containing water • Approximately 15,000 deaths annually in the United States are due to lung cancer caused by indoor radon exposure (National Academy of Sciences, 1999). Risk of lung cancer is 10 to 20 times greater in smokers (ATSDR, 2000a) . The average person receives 55% of yearly dose of ionizing radiation from radon inside home (Nadakavukaren, 2000) .
Health Effects
(Continued)
Quality Standards (NAAQS-also called "nax"), For each of the identified criteria pollutants, the EPA has established a primary and secondary standard. The pri- VOL. 49, NO.3 mary standard is intended to safeguard human health within a reasonable margin of safety to protect vulnerable populations including children, asthmatics, and older adults. The secondary standard is intended to safeguard agricultural crops, livestock, vegetation, buildings, and atmospheric visibility. The standards are periodically revised as new data are made available. In 1997, prompted by studies demonstrating elevated morbidity and mortality in cities meeting the established PM IO (aerodynamic diameter of 10 micrometers) levels, the EPA issued a new PM 2 .5 standard. The standard was designed to regulate the most harmful particulates which, due to their small size, are less likely to be trapped in upper airways and cleared by mucociliary mechanisms and can penetrate deeply into the lungs with even more serious health effects (EPA, 1997) (Table 3) .
Hazardous Air Pollutants (HAPs)
In addition to the criteria pollutants, many less common but more hazardous chemicals are released into the atmosphere through manufacturing, industry, and transportation. Many of these emissions are highly toxic or carcinogenic even at relatively low concentrations. Asbestos, 148 mercury, beryllium, benzene, vinyl chloride, arsenic, radionuclides, and coke oven emissions are among the 188 HAPs for which the EPA has set protective emission standards as the result of 1990 amendments to the CAA (Clean Air Act, 1990). These newer standards impact thousands of small businesses and manufacturing facilities previously exempt from requirements for emission controls and operating permits. Emission reductions, which began in 1995, are projected to reduce emissions by as much as 75% from precontrollevels by 2005. Finally, the 1990 amendments to the CAA created an independent Chemical Safety Board to investigate the cause of chemical accidents.
Enforcement of the Clean Air Act
The CAA and the 1990 CAA Amendments are federallegislation. However, responsibility for implementation and enforcement is primarily a function of state level environmental agencies. The law as written permits individual states to establish stronger pollution controls. However, states may not have regulations that are less (Ott, 1998) fChildren are much more vulnerable to the adverse effects of ETS. (Continued) stringent than the federal regulations. Individual states also are required to develop state implementati on plans (SIPs) which must be approved by the EPA. The SIPs must list all pollution sources within the state, including an estimate of quantities of every pollutant released from stationary and mobile sources. The SIP development must involve the public through hearings and opportunities for public comment. State and Territorial Health Officials, 2000; ATSDR, 2000; Etzel, 1999; Nadakavukaren, 2000; National Academy of Sciences (NAS), 1999; Ott, 1998 Indoor Air Pollutants Indoor air pollution has become a health concern in recent years because of building designs that restrict air exchange to control energy costs as well as the increased use of synthetic materials in home construction and furnishing. Similar to outdoor contaminants, exposure to indoor contaminants can adversely affect human health. In fact, because most people spend the majority of their CE ARTICLE time indoors, poor indoor air quality may pose a greater risk to human health than outdoor pollution. All of the air contaminants regulated by law are found at higher concentrations indoors than out, with the exception of sulfur dioxide and ozone (EPA, 2001; Nadakavukaren, 2000) . Indoor environments may contain several airborne pollutants, including biological materials, vapors, gases, and particulate matter. Common sources of air pollution in the home include environmental tobacco smoke, wood and gas stoves, radon, and construction materials and home furnishings that release organic vapors and gas. Animal dander, mold spores, bacteria, and the fecal material of house dust mites and other insects are among the biologic agents and allergens in the home. Natural and mechanical ventilation may even bring particulate matter from the outdoors (Institute of Medicine, 2000; Moeller, 1997; O'Reilly, 1998) (Table 4) .
Several basic strategies can be employed in the prevention of indoor air quality problems in homes, schools, or the workplace. These strategies are listed in the Sidebar on this page.
CONCLUSION
The increasing realization of the potential for adverse effects of the environment on human health, combined with growing governmental and public concern in this area, make it critical for health care providers to develop their capacity to recognize, assess, prevent, and intervene in illnesses of environmental origin. Occupational and environmental health nurses are poised to assume a leadership role in environmental health. The unique knowledge and skills possessed by occupational and environmental health nurses make them an important resource for clients, community members, and other health professionals. The integral role of environmental health within the scope of practice for occupational and environmental health nursing is supported through the efforts of AAOHN through programmatic activities and publications supporting environmental health. 
Basic Strategies for Prevention
Source Management. Select lower emitting or less toxic materials; prevent contaminants from entering through the heating, ventilation, and air conditioning (HVAC) system (e.g., air intake near loading dock or school bus loading area; encapsulate or place barriers around source to minimize introduction into the air stream) (EPA, 1996b). Local Exhaust. Remove pollution at its point of origin before it is disseminated throughout the indoor environment (e.g., printing and duplicating rooms, welding booths, science lab fume hoods) (EPA, 1996b 
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The environment is a primary determinant of health status of individuals and communities. Environmental hazards are widespread and poorly understood.
The five parameters of exposure pathways for environmental hazards include source of contamination; environmental media and transport mechanism; point of exposure; route of exposure; and receptor population. Routes of exposure to environmental hazards include percutaneous (dermal); inhalation; ingestion, gastrointestinal tract; and transplacental.
Humans vary widely in their susceptibility to potential environmental hazards. The human response to environmental conditions varies with a variety of personal characteristics including age, weight, gender, nutritional status, psychological status, preexisting disease states, concomitant or previous exposures, and even behavior and lifestyle factors.
The unique knowledge and skills possessed by occupational and environmental health nurses make them an important resource for clients, community members, and other health care professionals.
